. Interplanar distances dhkl and 2θ (CuKα) values from X-ray diffraction data of LDH-CO3 and LDH-CMC. The indexation of diffraction peaks is based on R-3m space group. 
FTIR-ATR and Raman Spectra of LDH-CO3 Samples
The infrared spectra of Zn2Al-CO3 and Mg2Al-CO3 are presented in Figure 4 in the main text. The broad band in the region between 3700-3100 cm −1 can be attributed to the stretching vibrations of the hydroxyl groups (νOH) from inorganic layer and the water molecules hydrogen-bonded. The shoulder at 3020 cm −1 region is assigned to νOH of H2O molecules interacting with CO3 2− by hydrogen bonding while the band at 1600-1635 cm −1 is related to the in-plane bending vibration of H2O [1] [2] [3] [4] . The bands of carbonate ions are observed in the region of 1354 cm −1 (antisymmetric stretching, ν3), 860 cm −1 (out of plane, ν2) and 680 cm −1 (in-plane bending, ν4) [1, 4, 5] . In the region below 1000 cm −1 , the spectra show bands attributed to the lattice vibrations modes of the groups M-O-M and HO-M-OH (M = Zn 2+ , Mg 2+ , Al 3+ ). The strong band at 760 cm −1 is attributed to antisymmetric bending vibrations of HO-Al-OH groups [3, 6] while the band at 674 cm −1 , only observed in Mg2Al-CO3 spectrum, can be attributed to antisymmetric bending of HO-Mg-OH groups.
FT-Raman spectra of Zn2Al-CO3 and Mg2Al-CO3 are also presented in Figure 4 in the main text. The broad band in the 3140 cm −1 region is attributed to the stretching vibrations of the layer hydroxide ions (νOH) and the H2O molecules. The band at 1060 cm −1 is assigned to symmetric stretching (ν1) of carbonate anion [1, 5] . The band at 495 cm −1 is attributed to the antisymmetric stretching lattice of M 2+ -O-Al [3] and shown to be dependent of M 2+ cation, being more intense to Zn 2+ possibly owing to its higher polarizability than Mg 2+ . A tentative attribution of the main vibrational bands is presented in Table S2 . 
Zn2Al-CO3
Mg2Al-CO3 Tentative Attribution Reference FTIR Raman FTIR Raman 3700-3100 3143 3700-3100 3143 νOH (M-OH and H2O)
ν = stretching; δ = bending; s: symmetric; as: antisymmetric; ip: in plane; sh: shoulder; L: lattice; l = vibrations; M 2+ = divalent cation; ν1 = symmetric stretching; ν3 = antisymmetric stretching; ν2 = bending out of plane; ν4 = bending in plane. 
FTIR-ATR Spectra of LDH-CO3 Calcined Samples
FTIR-ATR spectra of calcined samples (MMO/C nanocomposites) are shown in Figure S4 . LDH-CO3 samples submitted to the same conditions than LDH-CMC materials were analysed by this vibrational technique for comparison. Zn2Al-CO3 sample heated at 500 °C presents two remarkable bands at 1532 cm −1 and 1388 cm −1 attributed to the split of ν3 vibrational mode of carbonate anion. These vibrational bands present Δν equal to 144 cm −1 and can be assigned to CO3 2− ion coordinated to the layer metal cations [8] . Coordination process also activates the ν1 mode of carbonate. The ν3 bands are also noticed with low intensity in the spectrum of Zn2Al-CO3 calcined at 600 °C but are practically absent in FTIR-ATR spectra of samples calcined at 800 and 1000 °C. Hence, carbonate coordination to metal sites of LDH layers can explain the thermal profile observed above 500 °C for Zn2Al-CO3 sample ( Figure 5 in the main text). Mg2Al-CO3 spectra also show bands at 1600-1350 cm −1 region but with different shape that can be attributed mainly to absorption of atmospheric carbon dioxide at high basic surface of calcined samples [9, 10] (spectra were recorded in ex situ mode). In general, bands observed bellow 900 cm −1 are assigned to vibrational modes of M-O bonds, as presented in Table S2 . 
Thermodynamic Considerations about Carbothermic Reaction
Thermodynamic parameters were used to calculate the Gibbs free energy of carbothermic reaction (ΔRG°) between graphite carbon and metal oxides (ZnO and MgO). The standard molar thermodynamic parameters of each substance at 25 °C are shown in Table S4 and the results are  presented in Table S5 . Table S4 . Carbothermic reactions are obviously not spontaneous at 25 °C but the entropy (ΔRS°) is positive and the reactions tend to become spontaneous with increasing of the temperature. The value of temperature to promote a spontaneous carbothermic reaction (TRS) was estimated considering that ΔRH° and ΔRS° do not change significantly and the equilibrium conditions. The calculated TRS value suggests that carbothermic reaction for ZnO reduction tends to become spontaneous above 917 °C, a value very close to that one observed in this work (880 °C). For MgO, the TRS value is much higher (1762 °C) than for ZnO. The results of calculations agree with the processes experimentally observed. 
Chemical Equation of Reaction

